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INTRODUCTION
Conflicts between humans and wild animals are common and include a variety of problems such as transmission of disease to livestock (Spiecker, 1969) , attacks on domestic animals (Oli, Taylor & Rogers, 1994; Packer & Birks, 1999) and humans (Tilson & Nyhus, 1998) , and damage to forests (Reimoser & Gossow, 1996; Reimoser & Reimoser, 1997) . One of the most common and widespread problems, however, is damage by wild animals to agricultural crops. In the class Mammalia, this involves consumption of a wide variety of crops by animals ranging in size from rodents to elephants (Singleton & Petch, 1994; Naughton-Treves, 1998) .
In continental Europe, the wild boar Sus scrofa L. is often associated with crop damage. The species' distribution ranges from Western Europe to the Far East, including many islands such as Japan and Taiwan (Spitz, 1999) . Indigenous populations of wild boar also live in North Africa while populations established in Australia, the Americas and islands such as New Zealand result from introductions by man, many of them consisting of feral pigs rather than true wild boar (Teillaud, 1986; Herre, 1993; Goulding, Smith & Baker, 1998; Goulding, 2001) . The Western European population of wild boar has increased throughout its range over the past several decades (Fennoscandia: Erkinaro et al., 1982; France: Gérard et al., 1991; Germany: Feichtner, 1998; Krüger, 1998; Italy: Blasetti et al., 1987; Apollonio, Randi & Toso, 1988; Luxembourg: Schley et al., 1998b; Schley, 2000; Spain: Tellería & Sáez-Royuela, 1985; Switzerland: Baettig, 1995; Geisser, 2000 ; for a review see Sáez-Royuela & Tellería, 1986) and it is clear that the species can thrive in areas that are heavily influenced by human activity (Genov, 1981a; Geisser & Bürgin, 1998) . Over the same timescale, reports of agricultural damage by wild boar have become more numerous (Mackin, 1970; Kristiansson, 1985; Schmidt, 1986; abudzki & Wlaze ko, 1991; Goulding et al. , 1998) . Our aim here therefore is to review the Western European literature on the diet of this important species, focusing especially on consumption of agricultural crops and on the implications of this from the point of view of crop damage.
LITERATURE CITED
Our analysis concentrates on 11 core studies of wild boar diet undertaken in eight different European countries: Croatia, the former Czechoslovakia, Germany, France, Italy, the Netherlands, Poland and Spain (Table 1 ). The special feature of these studies is that they present dietary data in quantitative form, either as frequency of occurrence of different foods in the diet or as percentage by volume (or, in two cases, both), and in a relatively detailed way. Other papers, by contrast, only give qualitative information or suffer from problems such as small sample size or imprecise data. However, we have also compiled a list of all the species eaten by wild boar in Europe, using all the references available to us ( Table 2) .
Nine of the 11 core studies used stomach analysis, one was based on the analysis of faeces, and one used both methods (see Table 1 ). Sample size ranged from 24 to 665 for the studies using stomach analysis; the study that used faecal analysis investigated 2487 samples; and the one using both methods analysed 82 stomachs and 138 faecal samples. The time period of analysis ranged from autumn to year-round. Where sample size was less than 100, or where diet was not investigated over an entire year, the results should be treated with caution. However, of the three studies in which sample size was less than 100, two only investigated diet in autumn, so that the sample size was adequate for that time period.
OVERALL COMPOSITION OF THE DIET
All 11 core studies identified a mixture of animal and vegetable food (Table 1) but vegetable material was consumed more frequently and/or in larger volumes in all cases. The four studies that present overall frequency of occurrence of plant and animal matter give frequencies of 99%, 100%, 100% and 100% for plant matter, by comparison with 47%, 83%, 72% and 88%, respectively, for animal matter (Genov, 1981b; Dardaillon, 1987; Abáigar, 1993; FournierChambrillon, Maillard & Fournier, 1996) . As regards volume, Janda (1958) and Massei, Genov & Staines (1996) both estimate that 86% of food consumed by the wild boar consists of vegetable matter, while Briedermann (1976) , Abáigar (1993) and Fournier-Chambrillon et al . (1996) all give a figure of 95 or 96%. Fournier-Chambrillon et al . (1996) warn that the relative percentage of plant material by volume may be over-estimated owing to the more rapid digestion of animal material. However, even allowing for this effect, it is clear that the bulk of food consumed by wild boar, in all parts of its range for which data are available, consists of plant material. 
VEGETABLE FOODS
Overall, the studies cited in Tables 1 and 2 reveal four major vegetable food Tables 1  and 2 ). Mast consisted of acorns Quercus spp., beechnuts Fagus sylvatica or sweet chestnuts Castanea sativa and its availability is considered largely to determine the amount and type of other plant foods in the diet (Briedermann, 1976 ; see also below for further details).
Agricultural crops often occurred with high frequency in the diet and were consumed in large volumes, though they were not recorded in all studies. Where crops were present in the diet, quantitative differences between studies suggest that their consumption depends to a large extent on availability. For example, the crops consumed included maize Zea mays , rice Oryza spp., wheat Triticum spp. and sorghum Sorghum arvense in the French Camargue (Dardaillon, 1987) ; potatoes Solanum tuberosum , beetroots Beta spp., maize, wheat, rye Secale spp., barley Hordeum spp., oats Avena spp., beans Phaseolus spp. and peas Pisum spp. in Germany (Briedermann, 1976) ; maize, potatoes, rye and oats in the former Czechoslovakia (Janda, 1958) ; potatoes, maize, sugar beets Beta spp., oats, rye and wheat in Poland (Genov, 1981b) ; and maize, oats and rye in Croatia (Tucak, 1996) . Maize appears to be the preferred crop (Dardaillon, 1987; Wlaze ko & abudzki, 1992) but consumption of maize does not necessarily imply crop damage, since it is sometimes fed artificially to wild boar to attract them to locations favourable for hunting. Thus, Fournier-Chambrillon et al . (1996) report a frequency of occurrence of 82%, and a percentage by volume of 32%, for maize that was deliberately distributed as supplementary food for wild boar.
It is perhaps surprising that most of the core studies do not report consumption of fungi, since these are common and easily available in most European forests. One particular anomaly is that of six core studies undertaken in southern Europe, four do not mention fungi at all (France: Dardaillon, 1987; Valet et al ., 1994; Italy: Massei et al ., 1996; Spain: Valet et al ., 1994) while the other two report a frequency of occurrence of 46% and 60%, respectively (Abáigar, 1993; Fournier-Chambrillon et al ., 1996) . Génard, Lescourret & Durrieu (1986) also found remains of fungi in 69% of 105 samples analysed in the Mediterranean region of France. These differences probably result from the high digestibility of fungi, which means that they are unlikely to be detected in faeces samples and will only be recorded in stomach contents if eaten relatively recently (e.g. Putman, 1984) .
ANIMAL FOODS
Both vertebrates and invertebrates were found in all of the 11 core studies (see Table 1 ). Invertebrates included mainly insects (larvae and/or imagines) and earthworms, as well as snails and slugs. Vertebrate prey included mainly small mammals (rodents, shrews and sometimes moles Talpa spp.) and birds, though in some studies only the presence of bones and hairs is reported, which does not allow the reader to distinguish between small and larger mammals. It is assumed that larger mammals are taken as carrion (see J drzejewski et al ., 1993) , although small hares Lepus spp., rabbits Oryctolagus cuniculus and roe deer fawns Capreolus capreolus are also taken directly as prey (Hennig, 1998) . The latter may also be true for the eggs and nestlings of ground-nesting birds, since pheasant Phasianus colchicus and woodcock Scolopax rusticola have been recorded in the diet (Henry, 1969) . Amphibians and reptiles were consumed relatively rarely and not in large volumes, although they were found in most studies. In the French Camargue, fish were taken from dried up river beds, , the food was present but not clearly quantified; 0, it was definitely absent; -, it was not mentioned. *Studies: 1, Tucak (1996) ; 2, Genov (1981b); 3, Groot Bruinderink (1977) ; 4, Abáigar, 1993; 5,6, Valet et al. (1994); 7, Dardaillon (1987); 8, Fournier-Chambrillon et al. (1996) ; 9, Massei et al. (1996); 10, Janda (1958); 11, Briedermann (1976 Tapinoma nigerrimum
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Deschampsia flexuosa 8 when presumably they constituted an easy prey (Dardaillon, 1987) . This illustrates the fact that foods that are not generally consumed by wild boar can be eaten in relatively large quantities in specific localities where they are readily available.
SEASONAL AND INTERANNUAL DIFFERENCES IN DIET
The literature provides many specific examples of seasonal differences in wild boar diet, most of which can be explained in terms of differential availability of the food items in question. For example, Massei et al. (1996) showed that consumption was significantly correlated with availability for both acorns and olives. Similarly, Genov (1981b) and Abáigar (1993) report seasonal changes in the relative consumption of above-ground and below-ground parts of plants, corresponding with their pattern of seasonal availability. Dardaillon (1987) only analysed wild boar diet from September until January but, even over this short period, differences in diet between months were obvious. For example, maize was the most important food item over all 4 months, whereas rice was of major importance only in September and October, and thereafter was replaced by roots and bulbs. Consumption of animal foods is also seasonal. For example, Briedermann (1976) and Tucak (1996) found that consumption of small mammals was highest in autumn and winter whereas earthworms were mainly consumed in spring and summer, and molluscs in spring (Tucak, 1996) . In Italy, Massei et al. (1996) found that consumption of animal material was seasonal in all 3 years studied, but interannual differences were so great that it was impossible to generalize as to when animal food was eaten most often (see also Abáigar, 1993) .
Most authors suggest that interannual differences in wild boar diet, of the type shown by Abáigar (1993) and Massei et al. (1996) , are largely attributable to differences in the availability of oak and beech mast (Briedermann, 1976; Fournier-Chambrillon et al., 1996; Massei et al., 1996; Tucak, 1996) . During mast years, consumption of acorns and beechnuts starts in autumn and continues into spring (or even, in exceptional cases, until August: Briedermann, 1976 ) of the following year. If mast availability is low, other food items are consumed more frequently and in larger volumes. For example, Massei et al. (1996) showed that graminoid consumption was negatively correlated with that of acorns, while others have shown a similar relationship between mast consumption and that of potatoes, cereals and roots (Briedermann, 1976) , and of maize that was provided artificially in order to attract wild boar (Fournier-Chambrillon et al., 1996) . Since the availability of mast varies more from year to year than does that of any of these other foods, it is reasonable to infer that mast is the preferred diet and that the other foods in question were eaten only when the supply of mast was limited.
It is worth noting that while high mast availability reduces consumption of at least some other vegetable material, the same does not seem to be true for animal foods (Briedermann, 1976; Massei et al., 1996 ; see below for further discussion).
GEOGRAPHICAL DIFFERENCES IN DIET
The studies listed in Table 1 suggest that wild boar diet is subject to a considerable amount of geographical variation, presumably reflecting regional differences in food availability. For example, acorns, which were a dominant food in most studies, were absent from the diet of wild boar in the French Camargue owing to the complete absence of mast as a food resource in that area (Dardaillon, 1987) . In the Netherlands, in an area of poor soil where agricultural crops are absent and there is no supplementary feeding of wild boar, green plant material (especially broad-leaved grasses) constitutes an unusually important dietary component (Groot Bruinderink et al., 1994) . Caution is needed, however, when making these sorts of comparisons because the studies listed in Table 1 were often carried out in different years or using different methodologies.
The most direct and therefore the most convincing geographical comparison is between two studies by Valet et al. (1994) . Although these authors only analysed diet in the autumn hunting season, they did so in France and Spain, respectively, using the same methodology. The studies were carried out in different years but the confounding effect of this is somewhat reduced by the fact that samples from each of the two countries were taken during at least 2 years (France 1991 and 1992; Spain 1986-90) . In the French Ariège, six food types were dominant, namely, chestnuts, beechnuts, graminoids, leaves, ferns and maize. In the Catalan region of Spain, there were four dominant foods that again included chestnuts and graminoids, but also included acorns and various seeds, and excluded beechnuts, leaves, ferns and maize. There were also differences among less important foods. For example, in Spain, myriapods were found in 47% of stomachs, whereas in France they were completely absent; similarly, mosses were absent in French stomachs but were found in 16% of Spanish ones (Valet et al., 1994) .
DISCUSSION
Any study that attempts to infer diet by analysing the contents of stomachs or faeces suffers from a number of problems. For example, the importance of foods that are more rapidly digested may be under-estimated (Putman, 1984) , while that of small, frequently consumed items may be over-estimated when consumption is measured in terms of frequency of occurrence (Reynolds & Aebischer, 1991) . More fundamentally, estimates of the amount or frequency of consumption of a particular food do not necessarily reflect the importance of that food in terms of its nutritional benefit to the species in question (Roper & Mickevicius, 1995) . In the specific case of wild boar, an additional difficulty arises from the widespread practice of artificial provisioning by hunters, with the aim of attracting wild boar to particular areas, buffering them against natural food shortages or, sometimes, reducing the damage that they inflict on agricultural crops (e.g. Vassant & Breton, 1986) . Since the food provided by hunters is usually cereals (in most cases, maize) it is often impossible to know whether cereals found in the stomachs or faeces of wild boar result from raiding of crops or from deliberate provisioning.
In addition, supplementary feeding could distort the consumption of other foods by wild boar and thus give a misleading picture of their natural diet. On the basis of a direct comparison of the diet of wild boar that were or were not artificially provisioned, Groot Bruinderink et al. (1994) report that supplementation increased the consumption of roots and of animal foods, especially in winter. The reason for this phenomenon is unclear but is probably related to the fact that supplementary food such as maize is rich in carbohydrate but low in protein. Therefore, wild boar that gain most of their caloric requirement from maize may have to compensate for lack of protein by searching more intensively for insect larvae and roots (see also Van Wieren, 1996; Geisser, 2000) . A similar effect also occurs in good mast years (Groot Bruinderink et al., 1994) . Consequently, in areas where supplementary feeding is common practice, or in years when mast is plentiful, the frequency and severity of damage to grassland may increase.
Despite these complications, it is nevertheless possible to make some useful generalizations about the diet of wild boar in Western Europe with a reasonable degree of confidence. Firstly, plant material is a more frequent and voluminous component of the diet than is animal material. The same conclusion has also emerged from studies of wild boar (Howe, Singer & Ackerman, 1981) and feral pigs (Wood & Roark, 1980; Baber & Coblentz, 1987) in the USA.
Nevertheless, the consumption of a certain proportion of animal food may be necessary for wild boar, since an animal component to the diet is reported in all studies. Furthermore, whereas high mast availability reduces the consumption of other plant foods (except for roots, see above), it either increases or fails to affect the consumption of animal food (Briedermann, 1976; Groot Bruinderink et al., 1994; Van Wieren, 1996) , suggesting that plant and animal foods are not substitutable for one another. However, relative consumption of animal material does vary with age, being higher in young boar (Dardaillon, 1984; cited in Gérard et al., 1991; Wlaze ko & abudzki, 1992; Abáigar, 1993; Groot Bruinderink et al., 1994) . To summarize, the staple diet of wild boar consists of plant material but the inclusion of a proportion of animal food in the diet may be important for growth and survival.
Secondly, although wild boar consume a wide variety of plant species, their diet always includes at least one energy-rich plant food such as acorns, beechnuts, chestnuts, pine seeds, olives, cereal grains or other agricultural crops. Within these energy-rich food types, however, preferences are exhibited. For example, mast, if available, is preferred to agricultural crops such as maize (Groot Bruinderink et al., 1994; Mackin, 1970; Jezierski & Myrcha, 1975; Andrzejewski & Jezierski, 1978) and to supplementary food (oats or maize) provided artificially (Andrzejewski & Jezierski, 1978) . Indeed, it has been suggested that the availability of oak and beech mast is the single most important factor determining the consumption of other plant foods (e.g. Groot Bruinderink et al., 1994) and, consequently, the severity of damage to agricultural crops (Jezierski & Myrcha, 1975; Andrzejewski & Jezierski, 1978) .
Thirdly, wild boar diet is highly variable in its detailed composition, depending on time of year, year and geographical region. Seasonal and interannual differences in diet are demonstrated convincingly in several studies whereas regional differences are often ambiguous owing to confounding variables. Nevertheless, geographical differences in diet are evident in the only study that offers a direct comparison between two different locations (France and Spain) using the same methodology (Valet et al., 1994) . The existence of seasonal, interannual and regional differences in diet, together with the fact that wild boar as a species consume an impressively wide range of foods (see Table 2 ), is generally interpreted to mean that wild boar are opportunistic omnivores, whose diet in any particular instance is strongly influenced by availability.
Fourthly, it is clear that wild boar often consume agricultural crops and, in doing so, cause damage to the crops in question (e.g. Wlaze ko & abudzki, 1992) . Over continental Europe as a whole, crop damage by wild boar was already an important issue in the 1940s (Klemm, 1948) and the problem has subsequently worsened owing to increases in wild boar populations (e.g. Hennig, 1998; Schley et al., 1998b) . In Europe, the crops consumed by wild boar include maize, wheat, barley, rye, oats, rice, sorghum, potatoes and sugar beet (Tables 1 and  2 ), while elsewhere in the species' range they include a wide variety of other crops such as coconut in Indonesia (Schmidt, 1986) , sugarcane and groundnuts in Pakistan (Brooks et al., 1989) and grapes in the USA (Henry & Conley, 1972; Scott & Pelton, 1975) .
In consuming crops, wild boar also trample them, and this may constitute the more important source of crop loss. For example, Kristiansson (1985) estimated that only 5-10% of crop destruction was a consequence of actual consumption, the rest being due to trampling. In areas where it is grown, the crop most preferred by wild boar seems to be maize (Dardaillon, 1987; Wlaze ko & abudzki, 1992) .
Finally, wild boar also eat avian material, largely from ground-nesting birds, and this could constitute a source of ecological damage or, in the case of game birds, of economic loss. Nyenhuis (1991) suggests that wild boar have a negative influence on woodcock reproduction through predation of eggs and nestlings but he also states that this is difficult to quantify
because remains of egg shells are not easily detected in stomachs, intestines or faeces. Nevertheless, in Switzerland, Luxembourg and some other European countries, a decrease in numbers of woodcock has coincided with an increase in wild boar populations (Baettig, 1995; Hoodless & Saari, 1997; Estoppey, 1998; Schley et al., 1998a,b; Spitz, 1999) . To summarize, the wild boar can be considered an omnivore whose diet consists primarily of vegetable food and only secondarily of animal material. Although some types of food (in particular, mast) can be said to form the staple diet of the species and are consumed throughout its Western European range, other specific foods can be eaten in large volumes where they are locally available, demonstrating a certain degree of opportunism. This capacity for dietary flexibility has no doubt been partly responsible for the species' ability to thrive in a wide variety of habitats and to adapt to changing patterns of agriculture, though shortages of mast may still impact on body condition and breeding performance in areas, e.g. in the Netherlands, where availability of alternative foods is limited (Groot Bruinderink et al., 1994; Groot Bruinderink & Hazebroek, 1995) . Opportunistic dependence on plant material as a major component of the diet, coupled with large body size and a propensity to trample crops as well as consume them, also means that wild boar cause significant damage to a variety of agricultural crops. In addition, rooting for invertebrate prey results in damage to pasture, especially to unimproved grassland that has a rich invertebrate fauna.
